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State Feedback Based on Consistency Analysis of Pole and
QOutput-Variance Constraints
WANG Yuangang and GUO Zhi
{ Auomation Department, Nenjing University of Science & Technology + Nenjing, 210084, P.R.China}

Abstract: This paper studies satisfactory state-feedback control for a class of hinear stochastic systems so that resulting
closed-loop systems satisfy pre-specifted circular-pcle and output-variance constraints simultaneousty. The consistency of con-
straint indices for output variance and pole is analyzed first, By means of linear matiix inequality ( LMI) approach, a good mnge
is presented for output-variance upper bound {and lower bound) index that is consistent to a given pole index. Then a control
design theory is proposed for considered systems with consistent circular pole index and upper-tound index of output variance,
furthermore, a control design technique ts provided as the output-variance index is specified in temms of a certain region. Finally

an example is given to illusirate the results obtained and the design scheme provided.
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1 3|5 {Introduction}

BRSSP E —ARER, AEERETHE
G A RERR R0, R348
IIXERSIREM T EREBRHEAR FIRT 25
WopEARMEH RS, i~ s BEEREG
SN EER SEFBADBTZEESR HE TR
A B ik AR o BOR A (B8 ) 0 2 24 A0 45 il (=]
B EEPEHRTAAERETERENBE Lya-
punov 5 TRA F M, XL B A E XK 18R
B.ERFEERETERER.

XN —HKHUREK, Ko ARE S5 5
S AEEGNEEN, RN L AREHEELR
MERAE AEEMNERET IS . EETS,
R M AED, B R R EERERIRERS
BFBUBENFATAUESRE,H IMs R K

« ESME . ANETIAEHEERES (ARSI A .
e 0« 1999 - 04 — 26; KB H 872000 - 04 - 17,

FTHRERSNE SEREN SR AHIFHEEN
REAFELRETRERORELE. X TR
WIEARREZMEERFRULHSHEE BAE
IR NRAESBR EXMERORER
H.4ERERERSERAHEEGLEAELR
SR & R, B W BB s RN =
HIREXEINFERE —-MAERRIT AR, EAT
ATRBGTARKBCAS L ERFOEEEIRR
fax,

2  je] B4 (Problem statement)

EEMTRENATHILAL (3):
{x(r):Ax(t)+Bu(t)+Dw(t), (1)
y(1) = Cx(t)
MEFRERREH
u(t) = 6x(1). (2)
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HA x (o) € B> ARE,ule) € R~ HETHBA,
y(eYE R HBEHE, w() c R ITHE. EF
AW > OMEHERS , FHBRE (005 wlc) K
HX,CARERMHRE, FHNRRABRESEN
WA SWEFEAR RS (), EWTEE
(Hi): (A,B)w[%,(A, D) AT,
HRREE C HHRALE(Z,):
{xz(r} = (A + BG)x (¢t} + Dw(t},
y(t} = Cx(t)
gl MEBEREDFZ Y REBEFEY
0% 53 513 . 15)
(A + BG)YX + X(A + BC)" + DWDT = 0, (4)
Y = CxC'. (5)
K
X: = ‘l_i.TX(z} = ‘l_ibn:Eix(t)x(t‘}TE- (6}

(3)

I = ETYU) = lri_ngEfy(:)y(z)T}. (7)
EIERWAERSH B Flg. ) EREFH
EFOE - g+j0 2R r FEIREO < r < q),FMH
HEABMNTER M < VRN B EA Y, T
A P, A diag( P) FXALENBREE.

EXN1 HEEE Flg.r) RAR &4 ERE
(3) FERBMEE ¢, FARRE(S,) RR#E
WTFREERSSHEFE ER(ETRINOR:

a) FIFERERIRSE A(A + BG) - Flg,r)s

b) M AEERE Y HE

diag( ¥} < o*(5 diag( ¥} = &%)
MHEH T2 ER(RTRIER O SHRAER
F(q,r) %,

A BN WESEEEE Flg,r) HENR
HHEFRERETRER & WRERE, F 4%
W EEFEREREE REREE HEG R, &
HIE B k.

3 EELHiE(Main results)

FWELEHFRE (3) FERREEHEAN a)
BRBEN A M ERXETWRESLERLG, 3
T LESAR OHARBHFELELRRTRER
MERERE. RS . TRANSRAIRG S EER
AT (148, 45 SR B RSB 25 B 7 3k

a1 BHEREEP.R.S,AER>0, 1
DT HEERSA SN
P-SR'sT> 0, [ ]

Bl 2 BHFEP=R=0,SRIIESHSE

W,
SPST = SRS > 0.

it BARTER—-TEREA. WY R @4
HEEEH HH" = R,MA SRST = (SHY(SHY = 0.

EH 1 FERMHEE CHERAGK(ZS)EESY
Ha), HHMSEHETR Q, 6 WL FAERH

(A+ql + BG)Q(A + qf + BCY' - F1Q < 0,
(8)
(A+ BGYQ + Q(A + BG)' + DWDT < 0, (9}
AME Q> 0.X3(Q,6 BR(8)y A (9) HIRME
Q> 0, CHEANRBEEIMMANRGR(Z,) W
BERETFEHE T UHEEXE:X < Q.

T Fot BER(Q,c) BA(8) A O) @
H Q> 0% 6,78 @ B (8YHIIE EM, W i B &Y
# Lyapunov 38 E TEFRIC B AT 12 (A + BG) WHFIE
EHETEE Flq,r) .

VM RRE(S) FERRER 6 HYH a)
BLAHEE, N BB Lyapunov B2 EMHEB B LS
AE)LEFEER. & Q ZX(8) WF—EEHK, B
FR(B)EFEER ¢>r>0 THE

(A + BGYQ + Q(A + BG)T < 0.
MPIEFREER A, %F A0 FETHER(8) F=(9).
miEEXA@) 5RO HBEENBEEHT.
iEHE.

4 8: = 6@, HFATI R, THRER L WT
IMI B F i k.

EE2 FHE(I) FEREMELE G HHR a)
BUBEHTTLERERER (0,5 LT
LMIs

[ - (A+qI)Q+BS]<O

Q(A + ¢D)" + §"B" -0 ’
(10)

AQ + QAT + BS + S"BT + DWDT < 0 (11)

AR.GE (Q,8) HERG0) MA(), M ¢: =
SO ERREMMB LI, WEAE ), HHIN
BERSFEF Y UWE X < Q.

it

= H{ Q.5 MmER(10) MADL,

W o, B, W H Matlab-IMIUO SR il 2, S 4ER
mint( Q) M/ANE Qp, AT diag (Qp) FIFEREY
#Ha) FTHIRRERSREFE B/ ERERE,
diag ( CQ,CT) MR AR B = ME/h ERiE.

EIL1 BRLK(S) WELHH), MFEEH
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R oo® > disg( CQLT) MME 2 EABHFE LR
IR SR AT Flq,r) 5.

W oBQHEXL HEEe > 0,8KF(0,5)
0,88 0 < Q< Q +el. ANifB5IE 28
diag( CQC™) < diag( €CQ,CT) + ediag{ CC).
BRE/NER A ERARDNTO, BhEHE2H
MRS 6. = SO, ¥ ) BHE, B

X< Q, WO HE Y HE
diag{ ¥) = diag{ CXC") < diag({ CQOCT) < 7*.

FRUBNT 2R, e BAHERAME S
FEERERAE RS, B4 T SRS F iR
HHANRE.

EHR3 WE&HFHOBESL.HSEHR AL
HE R )W b), B o® > diag{ COL™Y, W3
H(Q,S) MELT LMIs

[ -0 (A+qI'JQ+BS]<D
Q(A + ¢I)T + STBT -rQ '
(12)
AQ + QAT + BS + 57BT + DWDT < 0, (13)
diag{ €QCT) < &* (14)

AR, AR HE 4% (Q,5) i R84 ¢
= SQ~' MEHF RG(Z,)) FIEH 2L a)f0b).

NFERG (3) EHEFM

(Hz)= DWDT > 0,
WeTEN T8, HiEHS F 8 1 M%4{l.

EE 4 BEEHF(HOML)EL, WESE
() FrEEEmEsE ¢ HyE ORLUHE, NE{Y
HMTER (0.0) HUTARSHFA

(A+ql+BGC)G{A+gl+ BG)"-rQ < 0, (15)

{A+ BG)Q + Q{A + BG)" + DWD™ > 0

{16)
ARE Q > 0;E(Q.6) RS MA(16) 1R,
HQ>o0.0cErRBEE, RARMAR(Z,) ©
BEREIZEOHE X > Q.

£ 8 = GG, MEHE 4 SN EBINT.

EERS R4 (Z) FERMER cHEAR D
BWEMFT A DERHR(Q,S) LI'F LMIs

- rQ (A+qI)Q+BS] o

O(A + gI)" + STBT Q <5
(an
AQ + QAT + BS + 5BT + DWDT > 0 (18)
AR A (0.5 BRERRSRENR, W R
#G: = SOV () WEAR ), BN EBER

EHEEXHWEEXEX > 0.
A
2; = {(Q.8):WERXO17) MA(18)},
W0, B EEEEE 0, PN max] e Q)] BEX
B Qu, W =T340 F e,

it 2 HRLG(Z) WREAEMHE)M(L), R
MBEERAHE Flg,r), WE o° < diag{ €QCT)
MAE 2 RN FETREEESREET
HE.

FELrRREGEERBSHFEMTREIKR
EEMRESEEE RN FUTRS 2
YT X E L S 8RR R & EE, A
FRA B3t R — T AT s s it O s

b') 0! < diag(Y) < o%,

He o HE o > diag{ CO.CT).

o1 HBFAEXKNEEHEQ.#EQ > 0 R

diag{ €0, C™) < &°.

H® 2§ Madab-LMI' SR B2 H(12),
(13)% ¢ < Q HREFE max{tr (@)1, 32 Q.
SHAR B B

W3 H A Matlab-LMI R B 8 F L 5% A
i

minitef(P)}:{P,C) HE
- 70, A+ ql + BG
(A4 + g + BG)T - Q3
-P< (A+BG)Q.+Q.(A+BGC)"+DWD ¢ O,
(20)
P >0, (21
HpX (1R (RVE @ = 0. HHBMEA.
(P, G.) RANE/MIMEREXT, B
~P. < {A+BG.IQ. +Q.(A+BG. T+ DWI < 0,
(22)
MIMHEME G ¢. MESREFEEE X, HE
P, {A+BC )00 -X.)+H(0. -X. N4+ B6. V<0,
(23)

B3 AL E, AT R diag( X)5 diag( Q. )(M
T =] B diag( ¥)5 diag{ CQ. CT) ) [HR.

4 ¥ (Numerical example)

WEL (Z) PHERBEENT

-2 00 0
A=(0 1 t|,B=|1 0},
o 01 01

<0, (19)


http://www.cqvip.com

600 EHER S 5 o

[0 0 1.1 6 1 0
p=|10 0|, C= , W=1,
o1 o [o 0 1]
TR EARRIER Flg.r) = F(3,2). TUBIER
BeigE R &M (HDHH,) .
BB 0, PHEN min o ) RBRDE QN
0.3603 0 0
Qc =[ 0 0. 1003 0 },
0 0 0.1003
T B TR
o' > a%: = diag{ CQ.CT) = [0.1003,0. 1003]
# o {E R E E IR S| AT F(3,2
AT L2, PR maxiw( QB KXEE QR
0.3591 0 0
Q. =[ 0 0.498 0 }
0 0 0.4984
Em A2
o < o = diag( €OuCT) = [0.4984,0.4984]
B S HERBHE T ET RAEFARESR AT F(3,2)
ik
HEDIEAE o < diag(V) g o F
o8 = [0.35,0.40], ¢° = [0.4,0.45].
F R A BT R R W R B AR TR A B
Q:
diag( ;) = [0.361,0.4,0.45],
R

0.360s 0O 0 0.0020 0 0
Q‘:l: 0 0398 0 |[,P.= 0 oaof,.
] 0 037 0 00

0 -2.2506 -1.0000 0.3 0 0
c.=[0'“' T ],X,:[U 0.39%8% 0 ]

0 -2.11
0 0 0.497
et A + BC. MR 2500 - 1.1119, ~ 1.2506,
~ 2, T diag( ¥.) = diag (CX.C") = [0.3998,
0.4497). TR G, R— A MRS R4 .
5 B4 (Conclusion)
AICF A LML i, 5 - RN REH LY
A RSEHN, AHR TRSER LT ERE ST
EREEAEESE, S8 T SERRAETREAE G

FEETOBF M ERE, E LT E R T
ol Bt Uy ik, A AR e Rl i i R B R R A
BLAERSRE T E LR (FHK A EF. BTREH
Bt Uk, W AT M T B, A Matlab-TMITY
HRORE.
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